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Introduction
). Protein D of nonencapsulated H. influenzae and H. influenzae type b was shown to be Nonencapsulated Haemophilus influenzae causes acute antigenically conserved (Akkoyunlu et al., 1991) , and respiratory tract infections and persistent infections in sequence analysis of the hpd gene encoding protein D the lower respiratory tract of patients with chronic showed a limited diversity (Janson et al., 1993 ; Song bronchitis and cystic fibrosis (van Alphen, 1992; Murphy et al., 1995) . A protein D-deficient mutant of H. influenand Sethi, 1992; van Alphen et al., 1995) . The major zae was strongly impaired in inducing experimental otitis outer membrane proteins (MOMPs) P2 and P5 of media in rats compared to the wild-type strain (Janson nonencapsulated H. influenzae are important antigens. et al., 1994) , indicating that protein D is involved in the Since the composition of MOMPs P2 and P5 is very pathogenesis of this infection. Although it has been heterogeneous and shows antigenic drift during persissuggested that protein D possesses an IgD binding site tent infections in patients with chronic bronchitis (Duim (Janson et al., 1991; Akkoyunlu et al., 1991 Akkoyunlu et al., ), it shows et al., 1994 , the application of these MOMPs as vaccine approx. 67% sequence homology with the glycerophoscomponents seems to be restricted.
phodiester phosphodiesterase (GlpQ) of Escherichia coli, Protein D is a 42 kDa lipoprotein of H. influenzae which implies that protein D may have a major periplasmic domain (Munson and Sasaki, 1993) .
Experimental and discussion
strains were analyzed in the same way. From sputum samples of the same four patients with chronic bronchitis from whom the strains A850053, A850047, A850079 2.1. Amplification and sequence analysis of the hpd genes and A850048, respectively, were recovered (Groeneveld et al., 1988; Duim et al., 1994) variants were isolated Nonencapsulated H. influenzae strains A850053, that were genotypically identical but showed differences A850047, A850079, and A850048 were independent isoin mobility of their MOMP P2 and/or P5 proteins. The lates from sputum samples of four patients with chronic genotyping was performed by analysis of DNA fingerbronchitis (Groeneveld et al., 1988) . The hpd genes of prints after digestion with two restriction enzymes these H. influenzae strains were obtained with PCR.
( Groeneveld et al., 1988) and by random amplified Using the primers listed in Table 1 , a product of approx.
polymorphic DNA (RAPD) typing (van Belkum et al., 1029 bp was amplified comprising 94% of the ORF of 1994). Time intervals between isolation of strains and the hpd gene sequence (Janson et al., 1993) . Of the hpd their variants were 9, 11, 8 and 3 months, respectively. genes the 57 nt at the 5∞ end encoding the signal sequence Although genetic variation was observed in their MOMP of protein D were not determined. This region has been P2 and P5 genes the H. influenzae MOMP variants shown to be conserved (Song et al., 1995) . Also as this showed no differences in their hpd coding sequences region is not part of the processed form of protein D, (Duim et al., 1994 (Duim et al., , 1996 . nt substitutions may be irrelevant for the functioning of protein D.
2.2. The nature of the hpd sequence variation Alignment of the hpd sequences of the four independent H. influenzae strains revealed only minor nt differences ( Fig. 1) . Their hpd sequences were 96.3% identical, For occurrence of mutations an equal probability of synonymous (silent) or nonsynonymous substitutions two strains possessed identical hpd sequences, the other two strains differed by 14 and 32 nt substitutions, (aa altering) is expected. The number of changes is dependent on the number of synonymous and nonsynonresulting in 2 and 5 aa changes, respectively. As the C-terminal part of protein D is suggested to contain ymous sites present in a given nt sequence (Sharp, 1991) . The numbers of synonymous and nonsynonymous nt the surface-exposed IgD-binding region, this region may experience a selective pressure caused by the immune substitutions was calculated, using the method of Nei and Gojobori (1986). The differences in the hpd genes system of the host and could be more variable that the N-terminal part. However, the aa differences were ranof four distinct H. influenzae strains were mostly synonymous substitutions instead of nonsynonymous domly distributed along the gene. The hpd gene substitutions (Fig. 1) . Such a result is normally found sequences were very similar to those reported by Song in bacterial genes that suffer from some functional or et al. (1995) , indicating that the nt sequences of the hpd structural constraints (Sharp, 1991) . genes and consequently the deduced aa sequences, of different nonencapsulated H. influenzae, including H.
2.3. Secondary protein structure prediction influenzae type b are highly homologous independent of their source.
Next, the hpd gene of four H. influenzae variants Using the method of Garnier et al. (1987) for secondary protein structure prediction based on the deduced A860509, A860501, A860503 and A850080 of the four Table 1 Oligonucleotide primers used for amplification and sequencing of the hpd gene et al., 1993) . bThe −21m13 sequence ( TGT AAA ACG ACG GCC AGT ) and the M13 reverse sequence (CAG GAA ACA GCT ATG ACC ), added at the 5∞ end for direct sequencing of the PCR products with fluorescently labeled M13 primers (Duim et al., 1993) are indicated in italics. Overlapping templates of the P5 gene were amplified by PCR. A cell lysate of H. influenzae was used as source of chromosomal DNA (Duim et al., 1993) . The PCR was carried out in a total volume of 100 ml, containing 10 ml chromosomal DNA preparation, 100 pmol of each primer, 200 mm of each deoxynucleotide (dATP, dCTP, dGTP, dTTP), 0.01% gelatin, 2.5 mM MgCl 2 , 50 mM KCl, 10 mM Tris-HCl, pH 8.3, and 2.5 U of Amplitaq DNA polymerase (Perkin Elmer Cetus). Following initial denaturation at 95°C for 5 min, 35 amplification cycles were performed in a Trio Thermoblock (Biometra). Each cycle comprised 1 min at 95°C, 1 min at 50°C, and 1 min 72°C. The PCR was finished with a final incubation at 72°C for 5 min. PCR products were analyzed on a 1% agarose gel using a Tris-acetate-EDTA buffer system (Maniatis et al., 1982) . Relevant products were excised from the gel and purified by QIAEX according to the instructions supplied by QIAGEN, Chatsworth, CA. The DNA concentration was adjusted to approx. 1 ng/ml in distilled water for sequencing. Fig. 1 . Comparison between hpd gene sequence and deduced aa sequence of four distinct nonencapsulated H. infuenzae strains. PCR fragments obtained in two independent PCR reactions were sequenced in both directions using the Taq Dye Primer sequencing system with fluorescent dyelabeled −21m13 and M13 reverse sequence primers (Applied Biosystems). The primer sequences are underlined. DNA analysis was performed with an automated fluorescent DNA sequencer, Model 370A, Applied Biosystems. The derived sequences were analyzed using computer programs included in the program package Pcgene (Intelligentics, Inc., 1991) . The nt sequences were aligned with the program CLUSTAL using the method developed by Higgins and Sharp (1988) . The nt sequences will appear in the EMBL/GenBank/DDBJ Nucleotide Sequence Databases under the accession Nos. X90493, X90489, X90491, X90495.
